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il$:AlGalnN) BWK^fiS/ulCfrtDns fei^Tf- 
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£3\ hi (a) 

mi (a) {Zm<*nZ>*mfcO-tF\Z, lg|£l©ELO-GaN 
I«10 1t, ELO-GaNli1 0 1 ±CI VMS 
5 Ufefi^bttl^tiftcaJIIiJfitS^UT^S. E L O — G a NUIS 
101B, Sft«75lq)J5&g (Epitaxial Lateral 
Overgrowth) C ^ot^SnicG a N©IPK^6fllfiS 

Q1 (a) ICil3tt5¥*tt»H«iSI3, fifil 0 1O»5, n 
10 -A I o. 015G a 0 . gssNDV^^ hB1 0 2x G a 0 . 95 I n 0 . 
05 Nd7^«/^5P$UH1 03, n-A1 0 . 15 Ga 0 . ssN/n-G 
aNiS1§? (S L s) {75 s; PHI 04> GaNM-f K11 05, 
Ga 0 . se I n 0 . 14 N/Ga 0 , 99 I n 0 . oiN^MB^Wp (MQ 
W) S14B1 06, p-A 1 0. 20 Ga 0 . 80 N^V!f^i1 07, 
15 GaN^TJ-fKSI 08, p - A 1 0 . 1 5 G a 0 . 85 N/ p -G a N 
-SLsi75»;KI109, tt&Vo -G a N □ VQO hJf 1 1 O 

(mov pes) smmT&frn^o 

±fB(D^^S^-r5¥#i*«B^^ia, 01 (a) CitiWC 
20 JOI^n, *©J:ICpM1 1 1 , S i 0 2 H1 1 2, 8Wnl 

si 1 3«$nii/^. 

H1 (b) IS, C(D^^ftL/--9 , (De«^li/\ , >r t li)iSIIi!!;6i) 
lC^UTl/\3o 01 (b) <D*«llBS««ffi^68i«lc:S!H5UTfe 
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07#MQWSttB1 0 6(De±CJTM^n-C^SC<!:-C^So 
^Cs §2 (a) tecDG a N^Sttb-tfSBMlS" 

So 

c<D¥*ftb— tm, bi (a) (D^mfto-tftmmc. el 

O-GaNStS2 0 1 ^<D±lC^jj)o<*n/c¥*ft«B8ia£: £ 
fcOTH*. ¥*ftS»fiSigl;i* n-GaND>5'^hS202, 
n-Al 0 .o 8 Gao. 92 N{77>^l203, GaNft#-T FB2 
0 4, G a 0 . so I n 0 . i 0 N/Ga 0 . 98 I n D . 02 N-MQWStt 
1205, Gal nN*HB2 0 6, A 1 G a N tp?m\M 207, p 
-A l o. 16 Ga 0 . 84 NS?^Diy{7ll2 0 8, p-Al 0ile 6 
a 0 . 85 N/p-GaN-SLsi77yl i i209, p-GaND 

ccD^^fflBiijgis, B2 (a) cm^mmzmx^n, =t<n 

±CpM2 1 1, Si 0 2 B2 1 2, J3WnM2 1 3tfJf*$ 

(b) IC^-To C©¥*ttU-+f<DfiM*B\ pl!*«!«l 
^U?£JBICd:S316llSlRa*ST?gsei^iga-rS^«)E:, MQW5S 
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Ifl205tp-Al 0 . , 6 Ga 0 , 84 N1?7D iy ^12 0 8(DF^ 
ICG a I nlM*|!SS2 0 6, A ) GaN*fll2 07tO!PISn§7 
^-y-m&&f&lsZl\Z>CtJ!&Z> 0 Ga I nN*r^H2 

0633c£tfA 1 G a N 4>iae 2 OT !<■ t UT6»l6t S 

if tfM^nrtmiu 

10 U#U»#S, @1 (a) 33&V (b) icgi3-«iiswr3¥* 

15 , -75x ®2 (a) fccfctf (b) C^^^ig^WrS^^ftLy--^ 
COlS^ttx SttB205tA 1 G a N1?7D x yOM (H1CA1 
GaN^ts/^H 0 7tra-(D»fl&2*£"r) ©HC t 4>Mtf 

wx<*nx[,\z> 0 zoic®, js&mcmtn&n&mtfiito&tocmm 

#*g(^A 1 GaNttsi^ (A 1 G a N«?^D a; 9M) (Dm 



4 



WO 2005/034301 PCT/JP2004/0 14461 



(Mg) W<Sl\5n5, COMglCttx ^e^SK(DK-tr^ 

vb m m <d $ 75 (S) # m \z 33 i-j § m m o m a o t? m tst t? a u < ^ s 3 1 0 \ 

10 TL/^Oo 

«Hft-C«S<«2§ll/VC0£3. 

^CD^Sl/^A 1 (Al GaNI?^D'^I) <D 

20 §tv A16aN4=t^i (Al G a NS?7D y 2B) *CM 

g»*30 t H»ffic:fi<a«ffl»*( t »«s. 
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Mgffftft\Zfemt<*n-?. Al GaNS?^Ch:/2Ji(DlM#{g 

43IH2 0 0 O- 1 4 3 3 9 6^^^ICl3t£$nri\§fte(DS£^JJ 

A l (/\*>K¥vy^l*;U¥#GaN#5gtoU& 
l/MIS^CDTA l G aN;gmbT?&&(/\) UT0\§ o cniCcfct9> 

TI'fiiRDTSSMgSG aN^^cpoG ali?teBIC^^KllCi3MU^ 
tf>^SfiSUT=feMg^Jgg#«-^llT!^lO, BJi^AljiJgS 

mttt(7)M t \ t> o iz Tfmm yo z> ? -r ic ii or \zm*% snr 

ttPf 2002-1 983 1 4^$8ld!3«£nTl,\3MICffeCDft 

&f$jit?«\ Mg K-e^^o^p-f ;i/(Dgi^ttS(si±$^§^to 

Cs A 1 GaNI/GaNIfeU<l3Ga I nNI/GaNi5)$ 

GaNitA 1 G a NB^ L/< BGaNItGa I nNit©^ 
□ ??®<DA1 GaNlfeU<BGal nNHtf)SM ODcMH^ 
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nmftmmmzmxt&mm&mmu, mmmc^m^m^uxm 

ll^1t^|Sl±$^r^So U#U&#6, C(D75^Trtt^llltttlSlql± 
UT^S=&CD(D> y^K^^iV^^S^A 1 GaNB*T?ttfi5c8$ 
5 tL/IMg K-tT^^iin^ £DT33«Ox A 1 G a NB^IC&M 

cnecDctic^^^ ^mwms&s M3 (a) ic^-r^o^Ly 

10 -t?mm&ftm{s1c a M3 (a) ©St?te, E L O — G a NS$£3 
0 1SIUTU§ o ELO-GaNiS301IJ, ABLEG (A 
ir— Bridged Lateral Epitaxial G 

r ow t h) sistso, ^mmonT^v y ymm&m UI 0\3. 
ab l EGoimma. mxi^mzo 02-00 90 04m y Amz 

15 mm£nTi/^o 

S1&30 1 ±(D¥*i$:«B1i)fil3, n -G a N □ hB 3 O 

2> n-Alo. 07Ga 0 . 93^^7-^1303, n-GaN^ZJ 
-fKB304x Ga 0 . 9o'n 0 . 10 N/G a 0 . 98 I n 0 . 02N-M 
QWSttB305x Ga I nNWII306, GaN*fli307, 

20 p-g aNTZ-teys^mwiP-zycfmtemsoa, p-ai 0 . 

16 Ga 0 . 84 Nii?7r-/\*-^a-P$lJB3 0 9x p-Al 0 . 14 
6a 0 . 86 N/p-GaN-SL sO^v KB 31 O, p-GaN 
□ hB3 1 1 £s/uW3 0 S3 (b) tt, CCDb-tftfji 
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*Sl/^p-A l 0 , 16 Ga 0 . 84NS?^r-/\*-7a-jq]$!))13 0 9 

<o m ji m as <t 1 s ic p ? ^ ^ m % <d k - tr > ? s h js 3- •§ © -c 

0 8S^IU§CtT?^§ o C©p-GaNFi71z:7£*«itti J* 

- tr^^MjftH3 o 8 ^iciSx ^ u -a&nicjga c/c h- tr>^ 

— A 1 o. iaG a 0 . 8 4 N ®?^T - □ -MS 3 0 9 (DM g H 

/T>|«^V!y^I^;i/=Pa»**^p-A 1 o. ieGa 0 . 84 N1?^ 
-/\*-^n-jqj$UB3 0 9(DMg;ajgia-^jii:^§tecD(D, 

0=5 at F i l0Mg»filCttUT5O%#S7O%8£<DMg*§El/ 
#p-A I 0 . i 6 Ga 0 . 84N^?7r-/\*-3'D-ffl$!JB3 0 9ICI* 

K-tr^^^nTass^MgcDig^atuTiSTSL/T^So c® 

P-A 1 o. i 6 G a Q . 84NS?^r~-/\*-^D-}ip©JH3 0 9(DM 
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A 1 o. i 6 Ga 0 . 84N«?^-A-^a-fflIl|HIH3 0 9<DMg»a 

teo^y FmcDMgmm.timnmzTi^o i/ftu&tfe. p-g 
enrci, ^??icc£^c<7dm g#§^ic;§t£fiiiiAM^3 0 z\<d 

IBS, MgteSttllftfiSIC^TgljiU SttgiaigT^lMJi^g 

^ SB (P l§ i 

Tx IMBpMSfb^Siftlil^ AlMMgSgCH pil 
M^f*/!^ Mgg3^2pIHW@l$I<!:SfU iif 

mttmiKDMfcKLmuTttOs 1315112 pmmibm*m&m&* m 
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1 X1 0 2o cm- 3 til±2X1 0 21 cm- 3 WTO0» 
SBI3W1 pM^b«D¥ii(*lllCd3{ATA I M#1 X1 0 20 cm- 
HM±2X1 O 21 cm-HMT(DfI®(DS$ttv 1 nmia±-Cfc3. 

S3IBH2 pM<bttl¥iifc«(D/t:/ K^-V «y^<fcOte/J»S3ft/T^ t* 

tftflEgl pMgM¥*<*B<DS§t<DiP<*B:. 1 nmW±50n 

»^U^*flS»Blca3^T, ffilEg.2p9!&<btt)¥«ttll<Z)J5£ 
I3> 5 nmm±2 0 nmUtTTJiBS, 

»*U^Stfit»«C»^Ts S&iBSg2pM<bftl¥*ft:BCa3U 
TMgifitf8X1 0 18 cm- 3 mT(DpIWcDJl^S1 nmWTT? 
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y%m?zm3 pmmim^^m^mizmu, S3§3£§3 pmmit 
w^mftrntimEzmi pwtmibto^m&mtnmzm^mz pmm 

»*utui«§»«c8ot-c, t3i3§g3 pmmiKto^m&mcojvy 
k*i?s/^bide»i pwimibto¥mwm<D/\y\z*vyy<£to& 

b% ^immmmizm^x. he $3 pmmitwmmm^o^ 
m2pmmitm*mi*m(D>pi3:<ti*>-?3iz i ngga. 

#£U(/^fil§JB«Ea3UTx SOI5£2pi!Stt;g)¥9ftll<D I n 
iMttttx 1513111 pMfb«J¥*ttB© I nfflfiUfccfcOfc*'**^,, 

*«5iCcfcSS<b«l¥*i*5R?(D«!Jfi^aB» pH^b!|»»{$ 
fix nliib^^^i, Scty, iflKpM<b*il¥«*ll<!:i&83 
hSS<b*Sl¥Wt*:lii:OHE:tt^nTI/\5SttJlg<ix, MIBpM 
Sfcttl¥S(*BH\ A l 33«fcUMg£SeS1 pliM¥li$:I 
ctx Mg«S£»2pMfbto¥*ttllfcSfcU 1313811 pll 
<bto¥Slftlltt> l3§3^14Bcti!}§3^2pM^ib!|*l¥^ft«<!i(7)P^ 
ICfiffiUT330x 1313^2 pSS1b$Sl¥^i$»ttx IS IS SB 1 pli 

Tt\3B<bft¥*ft:fR?©»E7jaTEoT\ 1313 n 

«g«xf^»«fcyA i zm-$z>mnz}xzmzmm-$z>c\tnzcS:^ 

lit, Mggfrr3E#4#*S#t£*3Cd:CJ:oTfflllB!S2 p 
Mfbto^fcttBS^/jfctfSISfcga©. 

n 
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B^uimmmmizm^x. slush 1 pmmmwm&m%Bi$ 

mt&xM&mizmtSo 
Bsu^mffiBMiztt^z. tuiam pmmitvn¥m&m<DA i 

mm\£. 1 X1 0 20 cm- 3 lM±2X1 O 21 cm- 3 m-FT?3Dt9, 13 . 
§5lg1 pM^blfcl^ftlf iCftl^TA l mmifl X 1 0 20 cm- 3 
^±2X1 0 21 cm- 3 HIT (Dmmom^lt, 1 nm^i^§„ 

01 (a) IS, G aN^#i$b-1f(D^^j5aS^-riff®^T?St9, 

01 (b) is, ^(Des^{aijyoHiiS(D^x50TS-s. 

02 (a) G aN¥*ftb-tf<Dft&(D&3fc$J£^§T®0T? 

^3 (a) its g aN^m&u-vnmizmoft&m&mtmw 
mumio, 03 (b) is, ^cDe«^ii/\*>^ifacDM^0T!s-§ o 

(dm^m-ced, 04 (b) ^oBmmmny ^mmom 

5$0T!3d3„ 

05 (a) 03 (a) 33d;y (b) lZm?*m&\s-y \Ztt 
I MS7D77-f;^^^7-C^lO, 05 (b) IS, ^ 
M1M b-tfC 331} 3 S I MS7D7?YilS^^ 

0613, p-A 1 G aN-TZizyZTmVB K - tf^HaSBtf) 
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M7 (a) is, *m®Qmmi&m3\zm\~}z>¥mft\s--y&m? 
mmm-z&o. m7 (b) is, ^mmomm^m/^y ^mmcDmm 
^T^iOx 17 ( c ) is, *mmmm\z3sv zmmmm/ty p.mm 

^8 (a) IS, *^|BJi(7)i|fii^^4IC33|-J§^«i$U-+f^m-r 
iffM^T^O, §8 (b) IS, ^(De«^fi!l/\*>^^^(DmSi;^T? 

d9 (a) IS, *HBJKD^fiS^e5C3oM^-S¥*t$:b--9 , ^aT^- 
M^-CM, ^9 (b) IS, ^CD{zl*^{i/\->K1iit(Dli^llT! 

ii o (a) is, *mmomffimm6iztivz>¥mft.is- j tf&m 
vmmm-c&io. no(b) is, ^^mm^m/vy pmmnmns, 

01 1 (a) IS, *mWomffiBm7\Z23VZ>¥mft[s-+f&m 

tmmmnmo. mi 1 (b) is, tcoBmmmny ^mmom^, 
ii 21s, *mBM(Dmmmm8iztiv&¥mft[s-tf : £m-$Mm 

01 3IS, ^fifi^^8(D¥W»:b-tflC33l^§;Sttlli5«g(De® 

&ny pmm&m-?mi&m-z&z> a 
mi 4is, ^^Bj^iifis^iiQic^^s^^^b-tf^^-rK® 
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(^fis^m ) 

IS 4 (a) tAs **JS»lB©¥»*b-tr<DBfii*Jfi€5xU El 

4 (b) is, *<De»»floyt^K*jfi©«s5iaTf»«. 

<D¥»(*U-trB, n-6aNIS401^ n-GaNS1&40 

»JStts £«H#5, n-GaN!402, n-A1 0 .o 5 Ga 0 . 
96 N^5iy PIB40 3s n-G aN^-T FII404£:x Ga 0 . 9 
o I n 0 . ioN/Ga 0 . 98 I n 0 . 02 N -MQW;S14B 4 0 5, 
F-^Gao. 98 I n 0 . 02 N*iaJB406x y>^-7GaN*PI 
11407, J y K-^A 1 o. 03G a 0. 97N*ri|408, p 

-a 1 0. o 3 Ga 0 . 97 NT>o-izy$^mv!iP-¥yc?m®m409. 

P-A 1 0. i 6 Ga 0 . 84 N«?^-/t-^D-SPjWHi4 1 O, p- 
Alo. i 0 Ga 0 . 90 N (2nml) /p-GaN (2 nmJl) -S 
L sO^y \rM (1 20^7) 411, tt&U p -G a N=l^^^7 
hH 41 aSSUTUSo 
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CCTx p-A 1 o. o 3 Ga 0 . 97 N P^iZ^S^iM 

0 r A 1 d3J:tfMg£3«J»1 p3>a<bftl¥gtt;nj 
tUTttfifiU P-AI 0 . 16 Ga 0 , 84 NS?7r-/\'-^D--}fll^J 

■41 ob rMg&mts%2owmibm*m&mj tisTmmva. 

B4 (b) \Zm&nZ>£oC p-A l 0 . 03G a 0 . 97 NP^1z 
^^M^f i -tf>^li5gB4 0 9©y\*>^4 ; v«^^tt, p-A l 

:?ck«0/J\$<x p-A I 0. i 0 Ga 0 . 90 N (2nml) /p-Ga 
N (2nmIP) -S L $9z>y Flf (1 20^7) 4 1 1 C&ttS 

C<Dd;5&¥^<$«fifi>gl3:x 04 (a) tLmtJ&fttZtQX&ris 
j e©±Cpii4 1 3, n*S4 1 4x fiiUS i 0 2 H4 1 5tf 

"c<Dd;o£¥*tt:b-tfCJ30\T\ ntS41 4tpli4 1 3 
<DM\Z*BE&Wm?.&£s MQW)St4B4 0 5C|oj^or p*^4 
1 3#SIE?l#nS1I4 1 4»6t?tfftA$n, MQWS14W4 
05T?SI»S4l>» 41 Onm©»*7?U-1fftifiSjBC'r. 

^T, ^4 (a) lC^¥^ftb-tf<Digjg75&<D^fiS)M£ia 

*SS«5JB«-Ctt* MOVPES^MTl«i»l(D|g B e B ^ 
M£fj£o 0 fi»SE*tt»E^5, *§lE (1 atm) x 

^fcfi* (N 2 ) l$/clS7j<m (H 2 ) StO^SttflaS^Btf;* 
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\zmfe<*n?\ /w H^te^n^ chvpeso ^x^-mx 

§«, N 2 Mtfi6§7 U/c|g, N 2 iig*. 1 0°C/ 1 OfJXDffS 

HBSICP^ZT* (NH 3 ) 2f«ISU 

^Cv MJ^^tfUOA (TMG) t^JV^V (S i H 4 ) 
£#±8SU 2«mKDn-GaNi402^I^§„ 3lg^t/\ 
T> MJXWil/$ZOA (TMA) 1. 5/imifl)n 

-A I o. os G a 0 . 95 N^7^iV HI403 ^^S$1^§ 0 ^<Z)f£L 
TMAcD^jfeg^ltU n-GaN^ KB404£Ji£0. 1 

n-GaN^-f KI4 0 4^1i, *v U 7^gN 2 ICg;t 
NH 3 CD«ISS»itL/> /j&ft)J§Jg£7 8(rC3:-C|i§ST-5, /jSJMS 
Jg^7 8 0°C-CS^^, ^NH 3 MU $Sl/\T T M G t h 'J 
X^U-r^^A (TM I ) &&m?Z> 0 Ga 0 . 90 I 

n 0 . ioN/Ga 0 . 98 I n 0 . 02 N-MQWiSltl405S^l$ 
tt^o G a 0 . go I n 0 . 1 0 N#F(1JPIS3 nmx Ga 0 . 9e I n 0 . 

30nmi©;yH-^Ga 0 , 98 I n 0 . 02 Nl3^B40 
6, 33cfcy3 0nm)»cDy > K-7GaNtfril4075fiK5Ufe 
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OTCCaiSS, * VJP#:2£N 2 <!:H 2 <D;gS;tf;*ICMU N 2 

5 ^UTilSlc:TMG<!:TMAS«^UT4 0nmJP(Dy>K-^ 

AU.osGaO. 9 7N*IBIi4 0 8SJjRS$ti* ^<D&> fcT* 
S/^D^V^^IZil/^^^O/i (Cp 2 Mg) ^Mgil^tU 
TMgSK-tf^OTcp-A 1 o. 03 Ga 0 . 97 N7i7t^^i 

10 JKC, 1 Onmi(Dp-AI o. i 6 Ga 0 . 84 Nl?7r-/\'-7D 

^OOiXx p-Alo. i 0 Qa 0 . 90 N (2nml) /p-GaN 
(2nml) -SL a 03^ (1 20^7) 411, 33<*a5 
0 nmJl(Dp-G aN=)>5^7 h(14 1 2 £lf&M-?3. 

is friz* p-A] o. Q3 Ga 0 . 97 N7>cnzJ$*MyaF-¥ytrm 

5SB4 0 9, p-A 1 o. i 6 Ga 0 . e^^^-J^-ya-MMm 
41 Ox p-Al o. i 0 Ga 0 . 90 N/p-GaN-SLs^^^^ 
■ 41 1, 33<^ap-GaND>^^hH4 1 2£v * h^-C^tt 

icaoi^So ^©sk ^h^-f^tticuoisnjeaiiaijfioiBiiBs 

20 f8ttlS7?&3S i 0 2 B4 1 5TM0^x 
* h^-f :7e«2~3/imfIfiT?»3. 

^ICx S i 0 2 I41 5<DHOSBICd3ttSp-G aN3>^ h 
1141 2(DStffitS i 0 2 B41 5(D-§BcD±IC, p||41 3S 

25 r>"Cn-GaN»4 0 2©-S£Saji*t*£8K -eoBmSffi-tl;: 
nll414SW§. CtD^oCTSntDOlCv n-GaNI 
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**fifiJB»"CB, pil4 1 3tOD^i7hJS)itSIS»1-S£ 
#X p-GaND>5i? hi 4 1 1 IC33tt3Mgii*3M X 1 0 20 
om- 8 »55X1 0 20 cm- 3 (Dl5HPSICiili5L/T^§o 

UTcSK y>h-^A lo.oaGao. 97 N 4 Nil 4 O 8 

ti^shc. no£/uTMG(D#tis&ffiti/T(^5. ^ois n 2 

-^GaN*IBH4 0 7(D«as8fiSajl^, f*fflOTfcfi(^ B 
3:7c* TMGSJjyTMASKteUT^V^-^A 1 0 . 03 Ga 0 . 
97N*Hlli4 0 8(D»ffl/ailSfjat\aa»S*aUT ! 6fi(»>. c 

p-A 1 o. ieG a 0 . 8 4N«?7r-/\*-^a-}fP^I(14 1 
OCDMg^Jg5dmiC#x§y ^ h-3^A 1 0. 03G a 0 . 97 N*NB 
408fiJ;ap-A 1 0. o 3 Ga 0 . Q7 N-J>9MJ$^m% K-fcT 
> $SB 4 0 9 <D (Si 0 IC O I \ T 18 BJ§ ^ § . 

G9 5 (a) S3 (a) 33<fctf (b) IC5Vr¥*ttl^-tnc33 
I73S I MS7D771' JbS^^^5^-CS«0s H5 (b) p 
— A 1 0. i 6 Ga 0 . 84NS?^-/N*-^D-K0$!)g4 1 OS^I$ 
ttSiiilcy^K-^A 1 0. o 3 Ga 0 . 97 N^S1408t, p-A 

S^^7T?S§„ &35\ ^^7IC33^Tx M. OE+MJ tt 
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n . 0x1 o m j %mmtz>o 

m5 (a) ts&u (b) <D\j\^nottyy)b\zis\j\x^s pwkd 

O^y^M (p-Alo. i 0 Ga 0 . 90 N/p-GaN-SLs^7 
^HI4 1 1 SLTp-A l 0 . , 4 Sa 0 , 86 N/p-GaN-SL s 
25 s/ KB 3 1 O) (Dm-Jl,^jg#2X 1 0 18 cm- 3 ti5§J;5 

ttSMgSIgtfl X1 0 19 cm- 3 tS§ift-C, MgCDK-e^ 

p M T O iH ^ *!&<fi!f&) K - tf ^ ^H^H 4 0 9 CD GIU & 5 n m x 

*^fiS^^(D^^ftb-tfC«x ^5 (b) IC^^n§Mg(DjiJt 
^□^P-Ol^BB.gBtf&ckoCx A 1 GaNS?^T — /\* — 37D — 
MUH4 1 0(DMg^g^SlC9. 5X1 0 18 cm- 3 lCJlUx 2 
5«y KB4 1 1 IC33tt5MgX££>gfflitt (1X1 0 19 cm- 3 ) 
iCfflS^L/lMiSH^L/TO^, cniCStfU H5 (a) CDj^JTtt, 
Mg K-e>^(OX€U~ailCg@l/£ K-tf^iincDI^tf 
Sl^lC^nT^^o A l G aNS^-A-^D-M 

H3O9^-CMg^Jg^$7D|q)CSjbUT33<0x ^<D*g£=&5 
~7X1 0 18 cm- 3 ?ljgUtfWo 

li(±©cfcol:, A 1 S^;VK-^A ] o. 03 G a 0 . 9 7 N^ 
F^ll408<!:p-A ) o. 03 Ga 0 , 97 N -P 2 ft) K - t? 

>2Pf&B4 0 9t£$fllc*t*;cl£lc:, p-A 1 0 . 1 6 G a 0 . 84 N 

«?^r-/\ , -^D-}qj^)i4i os^s^-sctcd;^ ytu 
-son Ccfcs m g (d k - tf >^jin ?z c t # °j t& t & § 0 

-A 1 o. 1 6 G a 0 . s^m^Z-JV-yo-mMMA- 1 OlCftttS 
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MgjiJSSv 0=5v KB40 1 Ca3tt3Mg»fi<i:lglic«0<3-5 
-yt-^D-fflljHli4 1 0 (£2p£SHb4%l¥*i{*ll) (D^gPI^ 

mizmm&ttz r a i gs/i/£fc<b%i¥«ftB <»1 pmmibto* 

gftll) J n m^±5 0 n ml^TC^SCd:^^ U^, 

mwmoA ) mrn&s 1 xi o 20 cm-HM±2xi o 21 cm- 3 m 
tt^ios »i pMm<b®¥m&m\z33b\T a i x 

1 0 20 cm-nM±2X1 0 21 cm- 3 mT(D^m(D)P$^1 nmW 

»1 pM<b*b¥i§ttlI©jaSi&IC15£3A l S^CW 
^-"^a^tt^Jiftli (A l o. o 3 Ga 0 . 97 Nc|3^li408) 
Si8§6*)IC«!g1 pMSfc®¥*fc«#5Mg#ffi«l3-383R* pi 
ffe-rSfcMtfaamSqriBtttffcS. 0#0» HI<D£«!), 

j««ieji!iTr]Biafl9K:piiTi*«isi«-^uaoiBo* ai 

o. oa3a 0 , B7 N*IHI408S r A l > K 

^p-a i o. 90 1 n 0 . i0 wp9izz?$Tmm\ t -t:ycwi&M : & 
^□-jip$ijh4 1 o lessor* : zn<£<oi5ny\ t ¥vyzrx.*)b=? 

#'J>3< (/c£L/Ga 0 . 90 I n 0 . 10 N/Ga 0 . 98 I n 0 . o 2 N- 
MQWJSttH405cfc«9tt/t^P=Pl?!y^l^;U=lr^Sti) * =t 
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^H20 0 2-0 09004#4iffiC:i3*$nT^S¥Ji 
i$b-+frttx A 1 G aNH»60!)M«©ffiftaiSSif9 , «fe«>C:M 
g^-^p-AlyGa^vNitSi H-^n-Ga NHODHC 
y>K-^A IxGa^xNI (O^X^Y^-I) SI?A UTI/i-S. 

<0x MgK-^p-AlyG aLvNI^BSttl (S i K-^n 
— G a NI) AfflMgfflSSttSflllHOT^S. M gffift£#P$ll?3 

^^©Xi^Mg K-^p-Al Y G a 1 . Y Nit:WOTy^ I* 

g*H*B<Z)ia;tl[l3:fflHNBjgBT!»S. U#U b-tfflgaStti-CRfc/t 
^K^Vy^I^Jb^cD^OMVIg F-^p-A 1 y G ai _ Y Nl 

*K»98S6©«WCd;5t % A l S§/u/cMg K — 3?p 
-A I GaNlg^6(DMttgA(DMgS£lltlSs A 1 gg££(/>Mg 
K-^p-G aN(gd:tb^L/T^^lcec:«9C<l/^C(!:^tD^QT 

GaNcDA'^F^y^I^U^cfciO^A 1 StfUfeA 
1 G a N(D/\"> iv^X^^^CDTD^A^^Tcto, A 1 G a N 
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U7ctfo"C> A 1 GaN(D$g*ICMg<DF-e>d?£ll!&S-3--§t % 

37c. A) GaHtGaNtCDmom^mm^lO^. A l G a 
NtG a I n N tCD^cDlg^i&Mtf^^&STctfK AIGaN 
li£;£ttli<Z)Sfi<5§lc:BBB3-§<i:, iS14ISI^f§»pi(Dl©^ 
Ei-£J§^V>3-^o ccD^tf*s<&3t, fgftfStticiiues^ 

U^U^^Bx *^BJi#6<D^iircD^^CJ:§tx GaNCAl 

v - tf <D#sft u < &s ? § c t #r ^ § „ 

&lCx K-tr>^H5SH(C35M^§A 1 (DfSt!lSUJBJi^-§ 0 

m g Hi ^ n $ m ^ ^ <d IB ^ \b u >> o $ - n in # ^ c fsr m u 

M-cmmUT^&lfcWif&mgimUG aNiDiS^lCI X1 0 19 cm~ 
3 <DMg;lJg£'ff 3/ctf)ICMg K-tf>^£PI!!&0/cl!S> Mg© 

#K Mgm&ftl X1 O 19 cm _3 ©9O%0b^)l (9X1 0 18 
cm" 3 ) CS^-SOB* G aN©gS6SH^^lCli$2 0 0 nmfi 
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-75s A 1 «gj$1 %<DA l GaN$g<t»lCHJ£<DMg 

^'K-Ditn-s. M&(D\ i -£ycr7ayh(Dmn&u<, 9x10 

18 cm- 3 (DMg^JgCajJi-r§^-C1 onmsi^erao 

cniSs MgtA i ©fi«stt^»cat\^toic, a 1 
snfcgmtf^fpicMgssflD-s-sfc* a 1 tM granges* u 

^Cv i6S#if§. 16(3, p-AlGaN-?^7t^^ 

(Cx p-a 1 g aN-p^iz^^maK-brv^iijsiscasrjs 

A 1 MB, MeOP-eycrmmoA Ofe&L±(D*.%&\z®mv 
5Ct»»SUU. SttffiJlCfcL i»iSMgi$A>1 X1 0 1 9 c m 
" 3 T!^n«x A l X1 0 20 cm- 3 , ^HcpcDA l 

6. 1 %W±Cia3£-9-St:<i:a t »^ly|/\. p-AlGaN-P21Z 

^^wftip-tf^^iijisBc^wsA i mm%, Mg<DK-e> 

&-h(7)c£5lc: x 5»cfc<A 1 £Mg<DlfiSttgJBJjRUTMg I*- 
tfV^SEGSCfcCcfcO* Mg<D* J EU-a&Jlt«fli*l7!S3. 

!13lC^¥^ttb-+fC£l:r3G aN*ftSll3 0 7, 33 
eta p - G a N 7 O -fe ^ftGfe K - \Z y ^MteH 3 O 8 CD IQ 
C % y>K-^A 1 o. 03 Ga 0 . 97 N*S)IS4 0 8 33cfcyp-A 1 
o. 03 Ga 0 . 97 N7i7t^ii F-e>^||JSi409^l\ 
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\b^-o\ e n^nattx »i/M»tfttt-c, nmc 

*a t a«>Tte^u--y , *?s*H*ofi<iittTSScfc5c:3a«. 

p-GaNItMgK-tfV^SiteU ^i^a^-tT> 

u-ja*c<fco P-tr>^«na«^u a i g a Nt?^-/t- 

7D-«IlWli*^BieC7'^1Z^^^»lfclTiaB*Mga t aWG:K0 

(iPJxiSMgjiigicuTi xi o 20 cr 3 W±) , -po*e. 

HaeiiD®tfit^a ! 6©ta«. 
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*SB<DS!)BSB5C«, Al tM g <D}f£f$:£!»m< M U 

frftot^ **UP#*<!:uTH 2 £ttT!J&<N 2 ff2anT(^ 

©§7c©lC(Sx b-tr«aSO«ft»ttlC»tiS§aatMIH|-ClHR, 

b-t/a^ieo«3!EBPa^ i/-+fciio*sh£jKK 
g«\ tg&g&s&feasu BigUBt^-cu-trflijfisffai-rsHg 

U^Oo cniCSSU, p-A 1 G aNP^iz:^^^ K-t^:? 

MJfiBSffiiiru-tf«jfis^«u^a^ co^fi^M-css, 

«AIJB»T?ttG a N««SBl^T(/>3#* S4&I3G a N ICH6 
tt3\ AlGaNv InGaN, ^/cISA 1 Ga I nN«©fifl;tti 

Tft«anfeE L O-G aNglSTfcMl^. 
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pi©^5y KHIC A 1 GaNtGaN^6««$nSiffl«?fllJfi 

£jsi^T(^5#» pIcd^s/ HicwaacA 1 g a n, n 

M<D03y KHIC A 1 GaNfcGaN#S*l«3n3iffl»?l«ifi£ 
E^Tfcgl^. nM> pfflflDHlTSC/^l/^eaoA 1 GaN, 

StclZA 1 GaNtGaN»6«l«Snsatt?ll36Sffl^T€cfc 

o\ 0 micx cne©*ii$iii i n\b7iNom (B) mm (As) * 

U> CP) SMI/TUTS*^ «t=lFi?U7©Bl>a«>^a* 
MlC£BIT£31JI/j)J"C»n«SI/>. 

UT T M Ax I nOBi«tl/TTM I , Mg©BfltUTCp 2 M 

Rg3£3n£(^. GaOIfitUTh'JlfJWJOA (TEG) \J> 
fflfb#U9A (6aCl^CaCl 3 )> A 1 (Di«tl/thUl 
?il?il$ZO/i (TEA) ^2**^1/ K (DM 
AH) » VX^hTJbSiZn^-C K (DM AC 1 ) , HJ^^l/P 
(TM A A) . I niDIfitl/ThUl^MV^OA 
(TE I) x Mg<Dmn£{jXt£7>T.¥)\,*/t?n'*y&*>x=.)V? 

V^voix (EtCp 2 Mg) ^\±y,%j-)\jVOuKy^^^L-)\, 

^a^VOlx (MeCp 2 Mg) x NcDHmt UTt: K^*>> (N 
2 H 4 ) P*5Vy (MM H ) v S^^JI/fc K5S>V 

(DMH) SfflHTfcait. ftlC* *^9iS^m6i)lC^^^§^to 

(c«, ai tMg©*6ftfl { a*j;<»issn, *nsfflt\TMg 

7c 5d ? B © * 3 1 Ml ¥4 £ H (/ \ § C t # $ 6 IC a £ U 0 \ . 
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4 0 8^Stb^§if|!j^T?x iIl»5p-GaN3^^7M4 
1 2, p— A l o. i 0 Ga 0 . 90 N/p-GaN-SLs^7'j/HI 
411, D-A l o. 16 Ga 0 . 84Nl?7r-/\*-^a-JiP$iJll4 1 

Ox p-a j o. 03 Ga 0 . eiNTOizJs^myi&p-vyvmm 

10 4 0 9£|l|jilC I y 5^^-3-3. ly^^^lSb-tFcT)^^ 

b - tf m m x e o 1 / \ - (d m m m c 5 o u m n o w ^ p « b§ ^ - 

Sfro/c. 37* hJU5^iy-tz>^c7)PliCia»S3 2 5nm(DAU 

>^$n^^^%^«i$T?iitpMp^iz^^^M^^ffi^^$n 

filg#6c7)#gft#i!10c*n3o D _ A | q 03 Ga 0 . 97 N?^7i2^ 
$^M^-t::^ll&II4O9£^&0\&&&iiT?liix pi? 
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0#U£#5s mmmi (DcfcolCp-A l 0 . 03 Ga 0 , 97 NP 

iiis@r B «su£, mmmmi t&p-a i G . 1o Ga 0 . 90 n/ 

p-GaN-SL sO^y 1 SEl/M^Tctf, CCTIJ? 

(Dftt)Y)\Z p - A 1 o. osSao. 92 N/p-Al 0 . o 2 G a 0 . 98 N 
-SL sO^V K1S6 0 1 SE^Tl^So ^7 (a) IS. C<Z)ly- 

P-Alo. ioGa 0 . 9oN/p-GaN-SLs^7iy( i l41 

GaNItG aNBSffimUTlK. CtDtSx -HIICMgK-t? 
>^Sf5oTt\§tx G aNe^^^Ctt^^U-^^CcfcoTM 

goixoa^a^M^^So mzA i g aNiisM3*3t§£i;:tt. 
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-csMstt^sftsfcOisu m7 (b) cmt&oiz, m s 

— 75 x p-A 1 o. osGao. 92 N/p— A 1 0 . o 2 G a o. gsN- 
SLs^7S/FI601 Zm^tcMS. Sfl;iTMA#«i&S3nT33 
fOX^U-^^ro^e^igMTT^So C<Dlc&b. M7 (c) 

^\zo=z>^ pmpkdm gmm\zmm&m<-i£m\zmm?&z:£ 

\>JLT. M8 (a) 33£tf (b) S#P,§U&#Ss *f|BJllC£3g 

b-TO. ^Ci^BJ|-r§*p^S|^UT> ^14 (a) iZm^^mWO 

IIBSMI C33l^54 0nmJl(Dy^l^-^A 1 0 . 03<3a 0 . 97 N 
4^1140 8* 33cfca5nmJl<Dp-A 1 0 . 03 Ga 0 . 97 N-TO 
izyS^fM K-e^^H^B4 0 9lcn^Tx 40nmi(D7> 
P-^A lo.03Gao.95l n 0 . 02 N*flI7 O 1 x 33*^5 n 
mJP0p-A 1 0. 03G a 0 . 95 I n 0 . 02 N iz^^tttt) K - 
k?^H«}IB7 0 2S£U-C(/>3. 
cn5<D«E:33tt3A 1 tBflftl£« *iMtiSSM1 t<DH 
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UlTs M9 (a) tt&V (b) a#!IBUa^5, SfSUBfilcfcSg 

**jfi^filT!ttx *fil§Jgffi1 IC33tt55nm»©p-A 1 0 . 03 <3 
a 0 . 9 7N-P21z:7£**l!to l*-e^W»li4 0 9lCtt*T* 
5 nmJS<Dp-A I o. o 3 Ga 0 . 95 I n c , 02 N P^iZ^^Sfi^ 
l*-tr>^MJftfll80 1. 33£a5nmJKDp-Ga 0 . 98 I n 0 . 
o 2 NI8 02Sf 

p-Ga 0 . 98 I n 0 . 02NI80 2SjfAlyt^§^lcllMQWS 
148405tp-A 1 o. 16 Ga 0 . 8 4NS?*-A*-?D-}[pft]B 
4 1 CXDHKDIEKtfSH. U#U£#S> 5 nmJ»©p-G a 0 . 9 
e I n 0 . 02 NI1802I3\ I nSSfcOT0\5£i&* 
V y^I^JU^tfG a N(D/\*> iy^I*>U=Fcfcl9fc'J\£< % 
tS*6SlC^«C:K^7K-;b»«SW9"S. CcDTctos S14B405 

WTx 810(a) ftcfctf (b) S#fl8 *«5iCcfc« 

30 



WO 2005/034301 



PCT/JP2004/014461 



BI4 (a) (D¥«i*:b-+flC33^S40nmJPO 
y>K-^A I o. 03 Ga 0 . 07 N*HIB4 0 8, 33<fcU5 n mJP© 

p-a i o. o 3 sa 0 . 97 N79My$^myn\ i -¥ytrmtfem4o 

OCftfcT* 40nmB(DJyP-yA 1 0 . 06 Ga 0 . 84 I n 0 . < 
oN*Ki901 M3nmf(DD-A l 0 . o 6 Ga 0 . 84 I n 0 . 
1Q NPi7feWli K-brv#Mi&II9 0 2 SLOTHS. 

^IH&SIf 9 0 2<DA 1 iMtf, ^n^nx HfiliJBlBM C33tt3*HI 
»408«cfcaP{7l2^=F««lK-tf>^M«iJI409<DA 1 *§ 

ftttC£S±#3(DT!x p-A l o. oeGa 0 . 84 I n 0 . , 0 NP^ 
•fe^^ TMtt) P - tf >^H^S 9 0 2 £9 < 1 3 C i: #T?£ 
' 3:7c* **«5JB«©p-A l o. oe G a 0 . 84 I n 0 . i 0 N?9fe 
J $ * M «D K - bf y <7 N & 1 9 0 2 IS G a N £ £ ? & S 3" § \sb , 
S14H4 0 5CEPflO$nSSSHfifi^ll1 c tlO : 6^$<-C^S e C 

7) 

WT, B11 (a) 33d;0 (b) SSHBOatfS* * SHUCKS 

ftb-tfl^ 5»CR«i-rS3^SIS{|/^r, ^4 (a) ICgx^***: 

*^fifi^HT!tt, 40nmf©y>K-^A 1 0 . 03 Ga o . 97 N$ 
ii4 0 8, 33d; a 5 nmJiOp- A 1 0 . 03 Ga 0 . 9 7 N-^^-fe 
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1 o. 01 G a 0 . 9 8 N*iag1 001, nmCtlCA 
5nmJP(DA l x G ai _ x N (O. 01^x^0. 1 3) 

Al x G ai . x N (O. 01^x^0. 13) 

*§fcfi6JgWCI3.» 1 n mCdrlC A l *§J58#0. 0 3"9*OPig|fl9C 
0. 01»50. 1 3^-C±#^ScfcolC5nmJS(DA I x G ai _ 

x n (o. 01 ^x^o. 1 3) yott^wm K-e^wia 

l1 002MbTt\S^ C©C£J;5a!iSiB\ AltftftSlg 

«»c»iiosti:feadC(D»»5n«€<D-ci3:a^. em 1 (b) 
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W,2 DMMb«l¥*ftBCefc3*iP U3PBD&tf)a?)i$£|q]±$#.§ 
Ct^T^Src^ l*B£0T«li&*3*3p3!3<b«a¥* 
ttBICcfcS+VJFOHD&fcSBfc^SitofitfJa^S, COfe 
&x O^y^M (I3plg«l<$i) (D/OK=£*y:?2>J\ 

ifiOS^fiSJglBCtfc^T^^s/ KB (13 pHg<b1&¥9#B) A 
1 fflriHbSfiJfttsctlcd;^ ^©/OK^t^^H omm 

£3\ n-GaNIlS1601SiIU *©MSW«»fflS 
U»CcfcoT»£fbU£Sh ««PlS<D+Mz:7*±C»«1 60 1 

ux&txc-py^-? (nh 3 ) (D^^snjsuxsts^®©^ 

fctfB3:Ol>. ^<D&, HJX^lflUOA (TMG) t^JV^ 
y (S i H 4 ) <7)«*&£IH$SU 2 jumJKDn-G a NB1 602 
©fifc*Sf5l/U SISii^T h'J^^;UPJU5~0A (TMA) SSO 
*x 1. 5 # mJP(7) n— A 1 0 . 06 Ga 0 . 9S N2zi x y KIM 603 
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(Dmm&fiOo TMA<D#t8S2fPltOTn-G aNM-f K 

11 60420. 1 tfin^SUrcl, **UP#;*SN 2 G:g7tN 
H3<D#t«S£(SltU JSSSjafiS7 8 0t5^"CKffl-r5. 

fcCs NH 3> TMGSD f h'JX5 : Jl/-i'^^OA (TM I ) S# 
iSS^SCtlCctfO, tt#-r 1*11 604±CJP3#«3 nm<D I n 
o.iSa 0l9 N#p|t, #PM©±C»$a»ISl7nmO I n Q . 02 
G a 0 . 98 NI^MB<!:S1 iia§<!:-r§3^«)i^©¥«ftB2^g$ti: 
3CfcC<£0£Ml?#F (MQW) JS1£11 605S»§, 

§lg»!(^T3 O nmJP(Dy > K-^ I n 0 . 02 G a 0 . qbN^BII 
-16062$M$t*x 30nmB(DJy P-JGaN<Pfflmi 60 

£tt«"C&\b#E: 1 000°Ci:T?ilSU * V U N 2 1 H 

2 <D5g^^f^lCUD«0SxSo TMGKaTMA©#l&SSIWU 4 
5nmJP(Dp-A l o . 10 Ga o , 9 oN4>H ( H- tf:/d/l>/\> 
*«) 1 608^S$tt§„ 

i£tpi::33i/\T, \±7.von^.y^^n-)i ^^^vou (Cp 2 m 

g) ICcfcSMg K-tr^^SHte^Sc 

1 Mgfltp-^nTimi/U l o. 10G a 0 . 90 NT 

BSBttt, Mg^K-^$n£A l o. 10G a 0 . 8o N±IIS0#£tf 

6 0 8&, y>K-^A l o. ioGa 0 . soNTHgP^tv Mg 
3? A l o. 10 Ga 0 . 9oN±l8B»0FB75«aB1iB«*T3C<!:IC: 
C<Di§^s y>K-^A l o. ioGa 0 . goNTHSP^tt, m 
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mmmi iCflttSA l 0 . 03 Ga 0 . 97NttJ|«B408l;:Stj«&U M 

g K-^A l o. 10 Ga 0 ..9oN±Bg|!^ia> mt&Bmi 

-A 1 o. o 3 Ga 0 . 97 N'P21zy&*Vim K-tf^^H^li4 0 9 

-J A 1 o. ioGa 0 . aoNTBai^JgJifcSns. 




0 8 <D±f$ IC =6 M g ft K - Z?£ nmZo 

K-tf>^X>y\>^B1 608WU£i, 10nml©p 
-A l o. i 6 Ga 0 . 84N^?^r-/\*-^D-Jip$yjl1 609£/j5cM 
C©p-A l o. ieGa 0 . 8 4 N B?7T — /\* — 37 □ —ffl]$!)B 

P-A l o. 16 Ga 0 . 84N§?^-/\*-37D-}TP$!)B1 609S 
)I\&£M::**UP;tf*SH 2 lCt3t9g;5L, p-Al 
o. 03 G a Q . 97 N KB1 6 1 0$^lb£i, 50 nmJPtf) 
p-GaND^^hI1 161 1 ^Ii^SB-rs o 

*^6S^^lc:33(/^T«x pI^-M>htUI7^S/0A (M 
g) SE^Tctf, MglCiD^Tx '(C) >®IS(Zn)^U 
UOh (Be) x tJ^^Oh (Cd) §©pi t*-;T:/ hS^SOU 
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(HVPES) *>a?«Xfcf**5>-ft (M 
BESS) &£ x fba%|it£»ftfiSgjas$1*Sfe«)Ccn^-CM 

MA SB IK InOifitUnMI, Mg(Di»tUTCp 2 M 
gx NCimfcUTISIHaSBI/t-COiStf* ±S8gft©gIS4» 
^«SS««-C»nH» Cfl5K:iBJE$n£l/\. Gatf) 

SWtUT, h'Jl^MUOA (TEG) tfttfb#U9£ (Ga 
C 1 \bc aC 1 3 ) A 1 (Dm®£isZ, h*JX?)V?)l$i-0 
A (TEA) ^X^JI/F^/W K (DM A H) , 

il/?;b$^7D5YKDMACl) InCSfitUI, MJI 

^;u-r^s?ozx (te d , Mgci^tur, e*i^u$^n 

*y**>X=.)),W**/Oh (E t Cp 2 Mg) *\±-ZX*)\,yO 
□ A°>^$?X-;UV^^^OZx (MeCp 2 Mg) , NOifitU 
t\ t^S?> (N 2 H 4 ) ^;^^tF7^> (MMH) 
*^UfcF^5>:y (DMH) SEl^TSmUo 

tttlSm^timt^Sgll^Sp-A 1 0. ioGa Q . 90N* 

mm (\*-¥y?xy/\yxm) 1 608Csa*T!is»?^i: 
cfcofflo acetic 9* ^h^-r^wcjoiu ftisif^^fim 

^o\r % pmny^o \-m(D±w(DmM£(Doy$9 hsu^sy 
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U C VDS^lCc^lO, U s/ 5?aJ©f@Blc:KfbS>U =I> (S i O 

2 ) freasfsgmamgi 6 1 3Siiu asiEaAffi«s^-r 

So lfi«§l<DPlD8(DD-GalMD2/££ hi161 1 ^ffiCttp 
111 61 2£, n-G a Nny$9 hH1 6 0 2 MCI* n 
1 6 1 4S^fi!«t§„ p-GaND>5^hf1 6 1 KDMglg 
tts PIS1 6 1 2tOD^i7 hJSttte«©£«> % 1X10 2 °c 
m- 3 »55X1 0 20 cm- 3 lC^$n§. C©d;oi: UT> H1 

"F 6 i§ 1 £ BS § tit £ £ U T =6 £ (A . 

2fcnfllM1 6 1 4£(DF^lCOESEPiO^S(i:, MQWSttH 
6 05Clo)#oTpflJM1 6 1 2^6E?L^ t ) v £A$n-§.<!:«lCn 
lii1614^5i?tfaA$n§, cniCcfcOx MQWiSUI 

1 60 5\zm\Xs TEiitim : ?-ti(Dmm&\z£iQy6mm : &£.oT 

WT> P-Alo. i 0 Ga 0 , 90 N<£H3J1 ( K- \£y#xyj\yx 
B) 1 608OA 1 ftgjffilt (/Ti/K=F*»y:7) tf. p-Al 0 . 16 
Ga 0 . 84 N^-/\*~^D-}iP$!iei 6O9 c fc«0 : 6'J\$<, p-A 
l o. o 3 Ga 0 . 9tN25u/ KH1 6 1 O^iQfcXgtMiSJgStSC 

£ o n sa tt ic o u r $ bj ? % „ 
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mcnmtZo ^ ui, p-a 1 GaN^-A^a-Min 1 

0 3l3S2p£ft<b*¥*frllE:ttjGU p-A l GaN^5s/ K 

s 1 1 04isi3 psa^btti^iiftHitajfii^-s. mi pmmitm 
¥m&m<DA i fflfiStts^apMfbtt^sftHoffljiStbcfco^s 

^ti¥«f*iicfc<9S<sifi!4^§. c©en, /\y\ i ¥v yy\zo\,\ 
tiSx ^2 P iswit$i>ii Dmmitwmmm>m3p 

yyftm2pmmitm¥m&m&'oi5i}\<*<i3:z>m®foT'. 

S^Ul^A 1 «§^tb«^1 pM<bttl¥*»H#5~20%, gg 
2pMfb*D¥«ftH#1 0-30%, Ig3 p 9ftbtt¥V(*Jltf 
¥t§3~9%^^«0 x »=feS^U(/\A l iMtbtefgl pMSfb*&)¥ 
SttB#6~1 2%, g2pSS&{b4fe)¥*{tatf 1 5-20%, Bg 
3pM*b«l¥»ttlB#¥iS3.5~5.5%-C»S. §11 plifc 

tt¥«{«:a^«2psaibtt¥«^iie:uo^]CA i m®&,<Dm& 

*Mcfc0fcKJ5g9<-r5Cfctf!Bg-ca5S o c£oT, § IS CDS 
^U^IIBH p3^M¥«ttllTM ~50nm, ^2pli 
^WH$iT?5~20nmT!S§o «=SS^ U(/lffi*tt8 1 p£! 
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gfc«a¥*fcJB7!5~2 0nrTK 312 pMmitm^m^mn 5^ 1 
0nm"C^^> o 

t S f8 ? II 8 BE 1/ T T =6 cfc 0 1 o 
*^fiE^HCcfcniSx A 1 G a N 2f— A— 17 □ — #P$!I§| 1 1 0 3 
10 IC33^T9X1 0 18 cm- 3 m±(DaOMVIgjiJg^^^-Cg§Ct 

1 0 2©£SXtt-3TMg©l 4 -b?:/^£f5oTl/m« 
15 fif< % K-tr^^I^/\>^|g1 1 0 2C»tt3Mar»*#J!-T! 

^-/t-^D-SPfHIH 1 03IC8tJ«pi^«ttiaB % »7\ 
8X1 0 18 cm" 3 ^52X1 0 19 cm- 3 <Z)®BF*)IC3D3Cd:#$? 

20 £UlA e 

C<D<£olC, AlGaN t!^^I^y\^^H 1 1 0 2 ©If A 

fes Lz-tfUittDtfCfifc/O K¥v y3?I*;i,=F#*^A l G 
aN%-n-70-mmi 1 03*©Mg»fiS>73!!/ KB©M 
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mz>ic®. mmi&Vi&mffit&z: £&i!g& 0 commit. Ga<D 

ftfrQlZ I nSf^p-A l o. 90 I n 0 . 1 oNP^iZ^^-^M 

**UF©rai}&fc£M«!&gtett£<^d&<, aigen 

fcd75s/ f*B©JP»SJP<*5CfcC t fco-c;!)/ , C--C£3. 

* H S6 Jt2 lH T tt G a N S $5 ± <D U - "9 s ft Jg C O t ^ T IB BJ3 U £ t>K 

mtG aNICH§=fe(DT?IS^<v A 1 G a N N I nGaNV>A 1 G 
a I nN«©fifb«l¥«i*:/^Ui7S«, tt? 7 -f FSfittitfMbS* 

Ms 2/ud>b« % x i JOkMmmm±L\zf$m urcGaNi-cfe, 
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*^fit5^STSb-+f^?coo\riftBjL/^^x emeu 

S=fe(DT!IS/5<, fSft^-Y:*- Filial;: =&JSETg-§ 0 pn 
t^S^T(D^?lCjiffiT?g§ 0 MIC, ±IB$j]il&B A 1 G a I n 

N^mm (As) , u> (p) ^s^iytcmmitm^^mi$±wnz 
£3\ n-G aN»isi 701 omm^mmmRvmz^ox 

P^-P (NH 3 ) CD«i|gSli^UT»|gm®(D^U-->^^ 

fjjso. coo u--y ?(D®m\z 1 5dw±i5a3cta»a^i/i/>. 

HJX^bflUOA (TMG) (S i H 4 ) 

0#tlSSI§J&U 2Mml0n-GaNi1 702(D^S, 
^ThUX^lPilSZOA (TMA) gjQDTL 1. 5wm5(Dn 
-A 1 o. 05 Ga 0 . 95 N^7^!y t*H1 703©^1SIjo o TMA 
(DfltlBSSISltOTn -G aNfttf-f FH1 704SO. Ijzm/Sfcg 
07c&, *vyp#*£N 2 Cg*NH 3 £>«ii£g{?l]:U )?ScS}g 

NH 3 > TMGRyhUXfJbO^OA (TM I ) £0* 
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&?&C£\Z£®s %1S<< PH1 7 0 4±ICi$M53nm© I n 
0.1 G a 0 . 9 NSpl(i: % JtpiOJ:Cl$tflS7nmO I n 0 . Q2 

3C£lC<J:0£Ba?#F (MQW) Sttm 7 052W§ o 

§l^(/\T3 0nmJp<Dy>K-:7 I n 0 . 02 Ga 0 . 98 N^F^g 
1 706, 30nmi(D;>l^-^GaN«1 707^SU 
7c^> TMGCttSSSffit^S. N 2 1 N H 3 £«HiS U^^j^-Cil 
WIC1 OOOTSSTfBSU ^tUP^gN 2 tH 2 Cl^ 
.*EHSD0S3.3o TMGKtfTMA* TMI©«IS£g|8U 45 
nmJl<Dp-A l 0 . 10 Ga 0 . 85 I n 0 . osN^HH (F-fcfV^ 
I^A^Jl) 1 708£/5fcgc*i*3 o C<D*HB©J«SJg*C:» 
l/MT, tr^S/{7D^>^$?I-;i/v'^^$/-!7A (Cp 2 Mg) Ccfc 
§Mg ^-tr>^SH!!g^§ 0 ^©fg> 1 Onmi©D-A l 0 . 1 
6 Ga 0 . 75 I n 0 . 10 N^-/\*-^a-}fP$ljei 709^1$^ 
Jim, & 3 <PftC*v l J?XX&H 2 \Z®iOWZ, p-Alo. 03 Ga 
o. 97 N {75 IV KB1 7 1 Ot, 5 0 nml(Dp-G aND>r9^7 
KB 17 11 fcSJI&SIB^S, 

(Mg) ttfciQGlgHR (C) , SIB (Zn) % *UU 

OA (Be) s UP^Ok (Cd) ^£JBI/tTfcg(,\. 

Kftffififcgfc (HVPES) \b#?^It^**/-& (MB ESS) 
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TTMASx I n(DM£OTTM I Mg<Dfm<!:UTC p 2 
Mg, NCDHmtOTNHaSE^/ctf, ±&$kft<D®m&£.ft-& 
^figSST^niScnBlClSSfeCD-cy^^ G a <D@m<i: OT h 
Ul^JUtfUOA (TEG) \&Jg*b#UOA (6aCl\&CaCI 
3 ) A l cDl^^t UThUlf/lPil/SZO/i (TEA), 
*5 1 ;i/PJU5M-i' K^-f K (DM A H) , ^JUP^S^D^-T 
K (DM AC 1 ) I iKDHStlyThUl^iKV^OA (T 

ei), w\somnii^i:^^x^)[,^c>a^ys>Vx-)b^^^ 

^OA(EtCp 2 Mg)> tr^^^^S/^D^^^^I-jl/V^ 
(MeCp 2 Mg) N (Dll^ £ UT b > (N 2 

H 4 ) , ^Jbb (MMH) , ^X^Jl/b K^S?^/ 

(dmh) SEi^Tfcgi^. 

P — A l 0. 1 0 G a o. 35 I n 0. osN^^jf ( 
I^A^H) 1 708CDA 1 ftjft (A> K=F* yl?) tf, p-A 
I 0. leGao, 75 I n 0 . 1 0 N □ -MH 1 709cfc«9 
=6/J^<, p-A l 0. 03G a 0 . gyN^y Klf 1 7 1 OcfcOfcX 
^t^a^t'Ox p-A l o. 16 Ga 0 . 75 I n 0 . i 0 N7T-/\*-^ 
D-MM1 7 0 933^0 p-A 1 0 . 1 0 G a 0 . 85 I n 0 . 05 

mmi 70 sic i r\m^mtiziKD^mzo\j\xmm^^>o 
%mm^m\zm\Tm\j\itm^(D^mts p-ai 0 . i 0 Ga 0 . 

85 I n 0 . 05 N*FeSI1 ( K-hf^^x^/\>7.ll) 1 708tl^o 
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tt$#JA ) *§JStfc#BHIi€A 1 Ga I nNi?^-A-7D-jfll 
ffllllaetflCft AU Mg.<DK-bf >^p-A 1 0 . i 0 Ga 0 . 85 

H8T?!&B.iuciii9, a i tf^nsjin^iiftiicio: p m^mw 
(mx.\$Mgm) t^m<o^n^t<. \*--¥yymw$m±\s\z 
<\,^i\,\5X%%:ftm&&o 0 sic. pm7FMyB(Dm<o&fom<*\c 
isa i mmtewti^fcio . a i m&vc>ti<o%tpiE>5o%<Dm\ztt\j\ 
na* a i mf&&(Dyim\zft[,\vm^Mwmv^n&mtemm 

*HfiS^^T!ISs HfiS^H8t^^ia;Stt@(D3a^lC InGaN 
tZOm^mmm&Xm^A 1 GaNS^tf)3:3;I3B3-§<D-ei3:&<x 
tS^jg&MSaSc^S/c&C I n£g/u/cA 1 Ga I nN^H£„ 
C oUTc 3 CtlCcfclCU M^A 1 ili^ttlCcfclQ 

§o sttuffio^Bx mm. A\mmit c/typ^wy) ts&zfi 

p — A 1 G a I n N K-tf VJlLy}\y?.m 1 8 0 315^1 pig 
ltlto¥#ftlilC2!tJiii>U p-AlGa I n N^T-/\*-^D-}tP$iJB 
1 8 O 4&m2 pMmitm*m&miZttmUs p-AIGaN^ 
•y FBI 8 0 5ttm3pH^b$Sl¥«i*:)glCS!fflEi^S. £1 pig 

M¥»f$ii<DA i te/$tb (a*> k^-v a;^) i2pittt 
<tez>&o[zmi$?z>o mi piiflj«¥*i*icfif?5A i *tej$ 
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^3o\ a^ui\A 1 mmitu, mi pMm<tto*wtem&5~2 

0%, £2pMflS*&¥*ttH#1 0~30%» ^3piygfb%)¥ 

litt^itfe-i 2%x i2piiWi™i 5~ 

20%, i3 pIHbWi»i^3. 5-5. 5%T?SS, £ 

/£x a^uu i nH§j5Stt«»i piitt^i$itfi~2 0%, 

*2pMfcto¥Stt»#1~30%-C»3. C©J;oC, Ini 

^Srcfc^ I nttfifcttilCH'UTfcSBI p M<b$&) 0 =611 

2pSM^b«a¥^i*:ffl©7D^g<SSJ:5ICiS^^S 0 cniCcfc 

OffiWCSS. liU «1 pMSfb^¥»f$Hi:Sttii^T(DS§li 

^tbRteJSOMSaiCtt^ A l lllJi!Si*<D*g(/M!2 pMfblSB^Stt 
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nN p-gyvxynyxmi 903) &.<o*=>%2 pmmitm^m 

ftB (p-A 1 Ga I nN%-n-7a-mMmi 904) (075 tf 

sit, m-\ pMmm¥mftm 3 $%2pWL&<bm*m&mti,\o 
(oioigis, mapmmn^mftm&Q^^&Kvzzti&iM 

IT 1 ~50nm, i2pIi»il$I"C5~20nmTS0, 
$6ICS^UlMi«tt, 96 1 pi»btt^l*l"C5~20nm, 

£33. fg1 DH3fctt)¥*ttlB0A l «ifi»ita3d:U I n*lJ5MfcB\ 

It. Stg«l3±EO£S£Ul/tA l mf&&33£U I nffifiStfc, 

S^flSrafctDflHSStSCfclC*!^ A l Ga I nNI?^-A 
-Z?a-®mmi 804fflp-A 1 Ga I nN K-^>^XV/\> 
^BtCD^Sja^lC^O^T^x ?T!C9X1 O 1 8 c m" 3 &L ±CD« 
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gCHUTtt* 1^8X1 0 18 crrr 3 #52X1 0 19 cm- 3 (Dp 
£(D£o\Zs A l G a I n N P- ¥y?J:y/\yxm 1 8030 

SAc^oMg P-\zy9wn<nmm&mn-$z>z.tbmmiii3iio, 
o-ymmotp-cm^jvy yyx*)\,*&xmMA iGai 

si°j±^^sct^-e^So sic* %-n-7o-mmmi 804 

Co U^^^±(DI^Ccfc«9, -;7D-MH 1 8 04IC 

I GaN^^'^H 805(DAI *§Jj&Jfc£(B»3"3Cfc#qJlSB£: 

S33s fikda i mmit&mMux&s K<Dm&&&b 
§o m±(Dcfcoic, DHK-;tvhags«^±©x^iCcfco$ijffli 
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itmmmfas s/ud^m, #yoA«HiiKS«.bicdifto£GaN 

^FTfev »3tmSft»75iaj&*2B^-Cf|s«U;£E L O-GaN 

?o^-/x-^n-ie±»«fei;fi»iitftisnttCM<f9-«±T(D 

MgS«l»^T^5^ MgCJB^TK* (C) , ffilB CZn) , ^ 
0'JOA (Be) . (Cd) SlilOI^H. g;/c, 

Mg \*-\Zy9&1j13i*>m<b®¥mft£UXt&s BAl G a I nN 
^ As, PSsIUEA 1 Ga I n N A s P Mfc^- 
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i $ ® i e 

1. pWLm4bto*m&m, nmmtw*m&m. ts&Vs loss 

mmpw.mtm*m&m\&. 

2. Sfl§Blg2plj!^b'BD¥i§ftlII3\ iU§B5Stt«#5<D*vU 

3. mzmi pmmitM*m&m(DA]mm&s ixio 2 °c 

m- 3 lM±2X1 0 21 cm- 3 lMT-eS«9, 

mmmi p mmibva^m wmiz^x a i »g# 1 xi o 20 cm 

- 3 &±2X 1 0 21 cm- 3 tMT(DfI^(Dll$K, 1 n mJ^i: 13353. 
W*E1 IClBitlC§B«(DgM¥i§ftI^o 
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a i &2&jy p-jmbm*mtom&mzm%.xi,\&m*mA \z 

11*814 CRB©3<b«)¥*ttlll?. 

7. mm; y P-ymibwmmwmti&zjmmm i ps^b^ 

15 

8. i&BSg2pMfbtt)¥«{*IB<DiPaH\ 5nmWi20n 
mfilTT!^ M*E7C§B«<Z>S<bft¥*tt:3R?o 

9. Iul3g§2 pM<btt¥SttHCm*TMg»*#8X1 O 
20 18 cm- 3 LMT(D^tiE(DlP$«1 nmWTOS, §S#E8C:S3»I 

<Dtt<b*&¥*ttS*y. 

1 o. g&ispH<bai¥*{titt« mmm2pMmibVn¥mte 
25 aibtti^gftasscsu 

«IIB»3pSai<bttl^»tt:II<i:i0I5»1 pMfb*6)¥i§f*»£(D 
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(D^b^^fti!?, 

10 

1 3. §513111 pMgM¥®ft«£cfcO*3!2pMg<b!BD¥« 
i3«(Dg<b PS?. 

15 14. 1913^2 ps^b^ssftno) i nii^tbis, mmmi 

1 5. pMgib^igftfi, nl!SM^*#:Jl, 33c£<^ lu 

2pM^b%¥«f*lit!:<DltSICtoBUTd3<CU S1§3!§2 p mmim 
25 ¥«ftHI3u 1313^1 pMS^b^^«<$B(D/\*> K^f y^cfciOfc 
K**y:7£mUT0^g<b««{$m^<D§^7D>£T! 
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5 3C£lCcfco7\ A 1 fc'cfcl/Mg £^£1315*1 pIHblSl¥i{$ 

m g sw^ss»«^s«ig-rsc: tic cfco 7:1913*2 pssib 

10 

1 6. gQIBSSI pMB<b«l^*(*:IBSfl^^^SXS<DiDC:^ p 
£\ 5ICE«lO«!aS75a. 

15 

17. Sul3I§1 pISftft^iftBCA 1 1 X1 O 20 

cm- 8 JJl±2X1 0 21 cm" 3 WT7SO^ 

1013*1 pwimm*m&m\zm\TA i xio 2 ° cm 

-Hi(±2X1 O 21 cm- 3 WT(Dfim(DP^«, 1 nmUllTISS, 
20 S$g 15^16 EEll<DK&ftj&. 
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(a) 



112 SiO 



113 n 




110 p-GaNU>**Hi 

109 P-Alo.isGao.aiN/p-GaN-SLs^y HJ1 

108 GaNfttf-f m 

107 P-Al 0 .2 0 Ga 0 ., 0 N++'yy^ 

106 Ga 0 . 86 ln 0 . 14 N/Ga 0 . 89 ln 0 0 |N-MQWj£ttJf 

105 GaNfttf-f m 

104 n-AI 015 Ga 0il5 M-SaN-SLs^yFJi 
103 n-Ga 0J5 ln 0X5 N^^y^«I©Jl 



■102 n-M oms G^ SS5 H^>^\-m 



•101 ELO-GaNg*£ 



(b) 



109 p-Al^jGao^N/p-GaN 
< 



107 p-AI 0i2 Ga 0i8 N**y;flI 



<108 GaNftJH'KJl 



04 n-A l 0 , 5 G a 0 jjjN yfi-G aN 



^^pjJ^py^tlOS GaNft^KJi 
?106 Ga 0j86 ln 0 . u N/Ga OM ln 0j01 N 
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212 SiO 



213 n 




210 p-<5aNU>^h^ 

209 P-Alo.isGao.jsN/p-GaN-SLs^y FJI 

208 P-AI 0 .isGa 0 . 84 N^7-ypy^Ji 

207 AIGaN^fiaJl 

206 GalnN^^li 

J 205 Ga„. 90 l n 0 .,oN/Ga 0 , 98 lno.o2N-MQW5Sttl 

204 GaN^W'HJI 

203 n-Al 0 . 08 Gao J2 N^K« 



•202 n-GaN3>^N 



•201 ELO-GaN£M£c 



(b) 



(208 P^I 0 ., 6 Ga OJ4 N^^-yPy^Jl 

209 p-AI 0 , 5 Ga 0 «N/p-<5aN 



f 207 AIGaN*IM <2 03 n-AI 0J8 Ga 0 ^N^yHI 
f 206 GalnN*Ft3Ji 




r203 n 

t 



4m GaN^^H/ 



'205 Gao^lno^M/Gao^glnojoaN 
-MQWJSttJl 
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H3 



313 SiO 



314 nmm 




311 p-GaN=l>^MI 

310 P-AI 0 .i4Ga 0 .86N/p-GaN-SLs^7y KJf 
309 P-A l 0 . i 6 Ga„. S4 tiM y p - jqjf&ijjf 

Jo? a^***-^ 

306 GalnNtFtflJf 

■305 Ga fl . so l n 0 . )0 N/Ga 0 . 88 l n 0 . 02 N-MQWJ£1$jl 
304 n-GaNfttf^ Kff 

303 n-AI M7 Ga M ,N£'?yKJB- 



-302 n-GaN3>^hJg 



-301 ABLEG-GaNg|R 



(b) 



310 P-Alo.uGao.gjN/fr-GaN 
< 



309 P-AI 0 ., 6 G a 0JM N mW-/t-7P-#J$yif 



308 p-GaN7^"fe^-^»H-t!>^§§^ 

C|03 n^AI 0X)7 Ga 0:9 3N^yK^ 
307 GaNtfH® f— 
i, (306, GalnN*|HJJl| 



( 



P§a7^-fe^-^«Sfl!) 



t g . 

^306 Ga MB ln 010 N/Ga 0 < )g ln 002 N 
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(a) 

413 s>mu 



415 $10; 



414 nm,U 




412 p-GaN=l>*£HI 



•4 11 P" A I o. i oGao. joN/p-GaN-SL's <p y \t jf 
■4 1 0 P-A I o. ieGa 0 . u^^-Ji- y p -jqjfgljjf 

•407 GaN*B® 
■406 Ga 0 . S(l ln 0 . 02 N«rai 

403 n-AI 0-05 Ga 0 ,, 5 N*^Jg 



-402 n-GaNJI 



-401 n-GaNM 



(b) 



411 PnAlcoGao^N/p-GaN 




410p-Al 0 . 16 Ga 0i)4 Nm : ?-5j— 

409 p-Alo^Gao^NZ^-fe^-^^K-brV^H^ 
[ 408 AI Oj03 Ga 0;97 N*|g|JI 

H^407 GaNfHJI ^403 n-Al 0 . 05 Ga oa5 N^yHP 

TTV 406 GalnNfrfiar 

rnnrip 



pSa7£-fe7*-5FfJ6«j<D 



r 5 " 

405 Gaojoln^oN/GaoagliwN 
-MQWJS§Jg 
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H5 



(a) 



(b) 



310 p-Alo.uGao.ieN/p-GaN 
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